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Dietary antioxidants were effective in reduc ing the number and severity of ultraviolet 
light- induced sq uamous cell carc inomas in skin of hairless mice. This and previous studies 
suggest that antiox idants may playa role in both inhibition of the primary event(s) involved 
in ultraviolet light -mediated tumor induction and the s ubsequent development of precancer-
ous lesions into tumors. 
The photo-ox idation of cholesterol to carc ino-
genic compounds has been suggested as a possible 
mechanism for the carcinogenic effects of ultravio-
let light (UVL) upon skin (1). The failure of ea rlier 
efforts to demonstrate the presence of such com-
pounds in biologic systems had cast serious doubt 
on the validi ty of th is hypothesis. In 1971 , however, 
t he formation of cholesterol-5a,6a-epoxide, a car-
cinogenic sterol , in human sk in. was reported [2). 
Subsequently the formation of cholesterol-5a,6a-
epox ide was shown to occur in sk in of h airless mice 
exposed to UVL [3]. Using t hese an ima ls as a 
model , evidence was obta ined which suggested 
that the compound might be involved in the 
etiology of UVL-mediated carc inogenesis [4J. Fur-
ther studies showed that formation of cholesterol-
5a,6a-epoxide was inhi bited in skin obtained from 
an ima ls fed ' antioxidants [5]. The present report 
provides evidence that dietary a ntiox idants are 
effective in suppression of induction and develop-
ment of UVL-med iated tumors, as well. 
MATERIALS AND METHODS 
Two groups of 100 female , albino hairless mice (hrhr) 
we re subjected to daily (5 days/week) suberythemic 
levels of UVL from a GE-UA3 mercury arc lamp (General 
Electric Lamp Division , Cleveland, Ohio). Dai ly expo-
sure level for the first 2 weeks was 1.13 Joules/e m'. The 
exposure level was increased 0.28 J /cm' each 2 weeks to 
compensate for epidermal thickening until a daily dose 
level of' 1.97 J /cm' was reached. T his leve l was then 
maintained through the end of 16 weeks. after which 
irradiat ion was discontinued. 
Total irradiance from the mercury arc lamp is reported 
and was measured with an Eppley circular t hermopil e. 
The minimal erythema dose from the lamp was deter-
mined prior to these experiments and no reddening or 
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acute effects were observed durin g t he co urse of t he 
studies. 
One group of the ani mals was maintained on a regular 
balanced laboratory meal. T he second group rece ived the 
regular meal supp lemented with 2% (w/w) of' the follow-
ing addit ives: 1.2% ascorbic ac id , 0.5% butylated 
hydroxy toluene, 0. 2% DL-a-tocopherol (250 I U vitami n 
E/gm), and 0 .1% glu t.athione (reduced form) . Animals 
were maintained on the respect ive diets for the duration 
of th e experi ment. 
Animals were examined at weekl y interva ls to eva luate 
actin ic e!Tects. Elevated lesions of I -mm diameter were 
considered as the biologic end point in eva luat ion. 
Biopsies were taken for histopathologi c eva luation of 
tumors. Actinic les ions are defined as those lesions 
histologically interpreted as acti nic keratoses, papil-
lomas, and squamous cell carc inomas. 
RESULTS AND DISCUSSION 
In the present study, a nimals were assessed for 
actin ic les ions beginning at week 14 a nd continuing 
through week 22. As seen in Figure lA, the number I 
of animals receiving antioxida n ts and bearing 
lesions was s ignificant ly lower than those on regu-
lar diet at each time in terva l. At t he end of 22 
weeks, 30% of the an ima ls on the regular diet bore 
frank squamous cell carc inomas compared to only 
7% on the spec ia l diet (Fig. IE). 
From Figure 1A it can be seen that t he number 
of animals bearing lesions in t he spec ial group is 
significantly lower, although at 22 weeks that 
number is only 13% less than t he regular group . As 
irradiation was discontinued at week 16, it appears 
that the primary photoevent(s) that initiates 
actinic lesions has occurred at this point and is 
irrevers ible, but t hat antioxidants play some role 
in s uppressing development of these les io ns. This 
is substantiated in Figure IE which compares th e 
percent of a nima ls bearing carc inomas and is 
illustrated in Figure 2 which shows that the sever-
ity of the les ions occurring in the regular group is 
much greater. 
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A preliminary study, of the type reported here, ' 
s uggested that antioxidants migh t provide sys-
temic protection against tumor initiation by UVL 
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FIG . I. A: Effects of di etary a nt ioxidant.s on tumor 
d evelop me n t. B: In c idence of squamous ce ll ca rc inomas. 
Solid bars represent a nim a ls rece iv ing regul a r die t; open 
bars represent a nimals rece iving a nti oxida nt-sup ple-
rnenied diet. An im a ls survi ving at 22 weeks were 88 a nd 
75 fo r regul a r a nd s uppl e mented d iets . res pec ti ve ly . 
Pe rce nt diffe rences between t reatments at a ll t im e pe-
ri o d s, except 22 wee ks (A) , we re s ignifica nt at p < 0.001. 
At 22 weeks (A) t he perce n t d ifference was s ignifi cant a t 
p < 0.05 . Th e perce nt difTerence be t ween treatment s a t 
22 wee ks (B) was s ignifi ca n t at p < 0.00 l. 
F IG. 2. Effects of dieta ry a n t iox ida nts on seve rity of 
act inic tumors. Lower row of a nima ls was fed a n t iox i ~ 
dant-suppl eme n ted diet. Upper row of a nim a ls was 
maintained on regula r d iet. P hotogra ph taken a fte r 22 
w eeks . Anim als bea ring the most seve re les ions in bot h 
groupS we re se lecied. 
as well [6]. In t hat study, at t he end of 24 weeks, 5 
of 21 a nim als receiving chronic UVL radiation and 
normal diet, demonstrated sq ua mous ce ll ca rcino-
mas wi th a tota l of 33 act inic les ions in t.h e group . 
There were no frank ca rcinomas in t he 13 a nim als 
receiving radi ation and an tioxida nt -supplement.ed 
diet a nd only 4 actinic les ions occurred in t.he 
group . Figure 3 shows the a ppearance of t he 
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surviving animals from t. hat study at the end of 1 
yea r. T here was only 1 carcinoma in t he group of 
survivors rece iving antioxidants compared to the 
presence of numerous Ie ions on all ani mals rece iv -
ing regular l a borator~' diet . One hundred and 
fo rty -nine Jo ules/cm ' were ad ministered through 
18 weeks compared with administration of 141 
J /cm 2 in 16 weeks in t he present study. Co mpari -
son of t he expe rimenta l des ign a nd resul ts from 
these experi ments lead to the s peculation t hat t he 
UVL dose a nd rate admin iste red in the prelim i-
nary st.udy is very nea r a t hreshold level below 
which antioxida nts afford nea rly co mplete protec-
t ion. T his as pect is cu rrentl y under investigat ion 
as is t he effic acy of ind ividual const it uents of the 
supplementa l diet. 
Considerable speculat ion has im pI icated endog-
enously fo rmed free rad ica ls in t he eti ology of 
certa in pat hologic conditions. including some 
ty pes of ca ncers [7- 11]. In addi t ion, free radica l 
scavenging prope rties have formed t he basis for 
exp la ining t he mode of action of chemica l radio 
protecto rs lI2] . Some ev idence suggests t hat t hese 
conte nt. ions may be true for skin . Increased leve ls 
of free rad ica ls occur in UVL-irradia ted skin and 
increased lipid peroxida tion has a lso been reported 
in skin immediately a fte r irrad iat ion [1 3- 15). Al -
t hough the mecha nism (sl for formatio n of choles-
terol-5a,6a-epoxide is unknown, it wou ld a ppea r, 
on the basis of prev ious ant ioxidant studies. that 
free-rad ica l reactions may be involved. Rega rdl ess 
of the role, if any, t hat cholesterol-5a,6a-epoxide 
plays in the et iology of UVL-med iated skin carc ino-
genes is, it is ev ident t ha t di eta ry antioxidants pro-
v ide systemic protect ion aga inst the deleterious 
effects of UVL and may playa role in both inhibi-
t ion of the primary event( sl involved in UVL-medi-
ated tumor induction a nd the subsequent develop-
ment of precancerous les ions in to tumors. 
FIG. 3. Effects of dietary antioxid a nts on tumor for-
mation . Surviving animal s a fter 1 yea r. In the upper row 
a re a nimals fed regul ar ba la nced labora tory meal. Ani -
ma ls in lower row received balanced labora tory mea l 
supple men ted with an tioxidants. All a nim a ls were on the 
sa me regim en of UVL radiat ion . 
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